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Nitrogen and urea metabolism during continuous ambulatory peritone.
al dialysis. During continuous ambulatory peritoneal dialysis (CAPD),
concentrations of serum urea nitrogen (SUN) have been reported that
are lower than what would be predicted from estimated dietary protein
intake and the calculated urea clearance by dialysis. Net urea genera-
tion (urea nitrogen appearance) and losses of various nitrogenous
constituents were measured during 12 metabolic studies in patients
undergoing CAPD. Patients ingested constant diets containing either
1.0 or 1.4 g of protein per kilogram of body wt per day; total daily urea
"clearance" from peritoneal dialysis plus renal clearance averaged 10.8
0.3 liters/day. Urea nitrogen appearance was only 55 and 68% of total
nitrogen output with the low and high protein diets, respectively, values
that are substantially lower than those reported in normal subjects,
patients with chronic renal failure, and those undergoing hemodialysis.
The reduced fraction of nitrogen appearing as urea was largely account-
ed for by the loss of protein and free amino acids into the dialysate.
These respective constituents accounted for 11.5 and 4.4% of total
nitrogen output. Urea nitrogen appearance correlated closely (r = 0.96)
with total nitrogen output in the patients undergoing CAPD.
Métabolisme de l'urée et de l'azote au cours de Ia dialyse péritonéale
continue ambulatoire. Au cours de Ia dialyse péritonéale continue
ambulatoire (CAPD), il a été observe des concentrations d'azote
ureique de serum (SUN) plus faibles que ce que l'on pourrait attendre
de l'apport alimentaire de protéines et de Ia clearance de l'uree realisee
par Ia dialyse. La génCration nette d'urée (apparition d'azote urCique) et
Ia perte de divers constituants azotés ont été mesurées au cours de 12
etudes metaboliques chez des malades soumis a CAPD. Les malades
ont ingeré des alimentations constantes contenant soit 1,0 soit 1,4 g de
proteines/kg poids corporel/jour; Ia clearance totale de l'urée, dialyse
péritonCale et excretion rénale, Ctait en moyenne de 10,8 0,3
litres/jour. L'apparition d'azote uréique était seulement de 55 et 68% de
l'azote total calculé d'aprés les regimes pauvre et riche, respective-
ment. Ces valeurs sont nettement inférieures a celles rapportées chez
les sujets normaux, les malades en insuffisance rénale chronique et les
malades en hemodialyse. La reduction de l'apparition d'urée est
expliquee par Ia perte de protCines et d'acides aminCs libres dans le
dialysat, qui constituent 11,5 et 4,4% de l'excrétion totale d'azote. La
formation d'azote ureique était étroitement corrélée (r = 0,96) avec
l'excrétion totale d'azote chez les malades soumis a CAPD.
Continuous ambulatory peritoneal dialysis (CAPD) is a new
and increasingly used form of maintenance dialysis therapy [1—
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61. The technique for CAPD involves the continuous presence
of dialysate in the peritoneal cavity. Periodically, the fluid is
drained, and fresh dialysate is immediately instilled for a dwell
period of 4 to 8 hours. Serum urea nitrogen (SUN) concentra-
tions have been reported to be lower in CAPD patients than
would be predicted from the estimated protein intake and the
calculated urea clearance by dialysis. Thus, Nolph, Popovich,
and Moncrief predicted that an SUN of 70 mg/dl could be
maintained during CAPD with five 2-liter exchanges/day [1]. In
actuality, the SUN averaged 51.0 (sEM) 5.3 mg/dl in 12
patients being treated with CAPD and believed to be ingesting
80 g of protein/day [5]. Moreover, in other studies with patients
undergoing only four 2-liter exchanges/day, SUN concentra-
tions have averaged 59 to 63 mg/dl [3—5]. It has been suggested
that patients treated with peritoneal dialysis may excrete nitro-
gen through some unusual route [7] or that there may be marked
anabolism [11. In none of these studies was nitrogen intake or
output measured, and there are no data concerning the relation-
ship between total nitrogen output and urea production. Knowl-
edge of such relationships could explain these puzzling observa-
tions and permit modifications of dialysis schedule and/or
protein intake.
To resolve these questions, we carried out metabolic studies
of nitrogen and urea metabolism in seven patients undergoing
CAPD. The results indicate that substantial amounts of nitrogen
are lost into effluent dialysate as protein and amino acids. Thus,
a smaller than normal fraction of protein is metabolized to urea,
which accounts for the low concentrations of SUN observed in
patients with uremia treated with CAPD.
Methods
Twelve metabolic studies of 12 to 21 days' duration (mean, 19
days) were carried out in seven men, aged 36 to 57 years and
weighing 71 to 87 kg (72.0 [sEM] 2.0 kg). They had undergone
dialysis treatment for 5 to 106 months before the study. They
were evaluated in either the Special Diagnostic and Treatment
Unit at VA Wadsworth Medical Center or the Clinical Research
Center at UCLA Center for the Health Sciences. Metabolic
balance studies were performed as previously described [8].
The patients ingested diets with two concentrations of protein
intake, either 1.0 0.04 or 1.4 0.02 g of protein per kilogram
of body wt per day. The measured nitrogen intake averaged
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Table 1. Urea metabolism and nitrogen excretion during continuous ambulatory peritoneal dialysisa
Urea
Nitrogen losses
Total
Dialysate
Total Ami-
Pa- Body Total urea Serum urea nitrogen nitrogen dialysate no
tient wt clearanceb nitrogen appearancec output" Fecal Urine nitrogen Urea Protein acid Creatinine Uric acid
no. kg liters/day mg/dl g/day g/day giday giday g/day giday g/day giday g/day glday
1 70.5 11.8 0.13 65 4.0 7.5 0.64 12.3 0.43
J.O-g protein diet
1.3 1.4 0.3 9.6 0.2 6.5 0.2 1.6 0.6 ND 0.33 0.15 0.19 0.08
2 71.2 12.1 0.21 74 3.8 7.9 0.48 12.5 0.29 1.5 — 11.0 0.4 8.6 0.3 1.1 0.0 0.53 0.51 0.08 0.16 0.073 77.5 11.2 0.11 40 1.3 4.6 0.14 10.9 0.18 1.6 1.0 0.1 8.3 0.3 4.6 0.2 2.1 0.8 0.91 0.52 0.03 0.20 0.10
4 77.5 9.1 0.14 62 1.0 5.6 0.32 11.1 0.13 1.9 — 9.2 0.2 5.8 0.1 1.8 0.5 0.76 0.43 0.12 0.21 0.09
5 78.5 9.8 0.24 71 2.2 5.9 0.39 10.5 0.40 1.7 1.7 0.1 8.1 0.3 5.3 0.1 1.3 0.2 0.28 0.39 0.20 0.16 0.11
Grand
mean 10.8 0.58 62 6.0 6.3 0.61 11.5 0.40 1.7 1.4 9.2 0.5 6.2 0.7 1.6 0.2 0.62 0.44 0.40 0.18 0.01
2 — 11.8 0.11 77 1.3 9.6 0.26 14.1 0.12 1.4-g protein diet1.7 — 12.4 0.1 9.2 0.2 1.9 0.8 0.64 0.46 0.13 0.20 0.083 — 10.2 0.25 100 3.4 10.9 0.03 15.8 0.34 1.9 13.9 0.3 10.2 0.2 1.3 0.2 0.67 0.68 0.17 0.20 0.094a — 10.7 0.26 73 1.4 8.1 0.28 13.1 0.13 1.8 — 11.3 0.2 7.6 0.2 1.5 0.1 0.59 0.45 0.12 0.22 0.064b — 10.5 0.16 80 2.0 9.4 0.61 14.6 0.23 2.5 — 12.2 0.2 8.6 0.2 1.4 0.3 0.61 0.48 0.09 0.23 0.095 — 11.0 0.14 78 1.2 8.1 0.76 13.0 0.26 1.7 2.6 0.1 8.7 0.2 6.1 0.2 1.7 0.4 0.24 0.35 0.15 0.16 0.09
6 82.5 10.0 0.20 118 4.2 13.1 1.12 16.0 0.22 1.5 — 13.6 0.3 11.6 0.4 1.4 0.4 0.52 0.51 0.33 0.18 0.10
7 89.8 11.4 0.25 99 2.2 11.5 0.20 16.8 0.26 2.0 — 14.8 0.2 11.0 0.2 1.2 0.1 0.59 0.55 0.13 0.23 0.06
Grand
mean 10.8 0.24 89 63h 10.1 0.70' 14.8 O.56 1.9 2.6 12.4 0.8 9.2 0.7" 1.5 0.1 0.58 0.50 0.04 0.20 0.01
a All values are means SEM. ND means no data.b Sum of dialysate plus urinary urea clearance.
Urea nitrogen appearance = dialysate urea nitrogen + urine urea nitrogen + change in body pool urea nitrogen [11, 121.
"Sum of fecal, urinary, and dialysate nitrogen.
Low grade peritonitis during course of study.
Patient 4 underwent two studies while ingesting 1 .4-g protein diet; during study 4b, he received I ,25-dihydroxycholecalcieferol, 0.25 g/day.
g Patient 3 became anuric in the 6-month interval between the two studies.
"P < 0.02, compared with 1.0-g diet.
'P < 0.01, compared with 1.0-g diet.
12.2 0.6 and 18.4 0.3 g/day, respectively, with the two
diets. The present investigation is part of a larger study in
progress to assess dietary protein requirements in patients
undergoing CAPD, and data on nitrogen balance are not report-
ed in detail.
Three to five 2-liter bags of dialysate were instilled into the
peritoneal cavity each day using the method of Oreopoulos et a!
[9]. The volume of dialysate outflow varied from 7.7 to 12.9
liters/day; the total urea clearance, calculated from the sum of
dialysate urea plus urinary urea and serum urea, was 10.8 0.3
liters/day. Four patients were anuric; three had residual urine,
with GFR' s estimated from the mean of creatinine and urea
clearances [10] of 0.9, 1.9, and 3.0 mllmin,
The patients ingested a constant diet, and dietary nitrogen
was measured in duplicate diets prepared once a week. Nitro-
gen, urea, creatinine, and uric acid were measured daily in
dialysate and urine. An aliquot was taken from a pool of 24-hour
effluent dialysate. Protein was measured in dialysate samples
pooled for 1 to 4 days. Stool collection periods, marked by the
intermittent ingestion of brilliant blue, were of 7 days' duration.
Amino acid levels were measured in 24-hour dialysate samples
collected once during each study. With the exception of the
amino acids, the data presented are mean values obtained in
each patient over the 12 to 21 days of study.
Dialysate, feces, urine, duplicate diets, and rejected or vomit-
ed food were analyzed for nitrogen by the macro-Kjeldahl
technique. Urea nitrogen, creatinine, and uric acid were mea-
sured with the Technicon® autoanalyzer. Dialysate protein
levels were measured by the Biuret method. Prior to analysis
for protein, dialysate samples were concentrated 200-fold with
an Amicon ultrafiltration cell utilizing a PM-b membrane with
a cutoff of 10,000 daltons. Amino acids were measured with a
Beckman 121-M amino acid analyzer with a lithium buffer
system.
Daily urea nitrogen appearance (net urea generation) was
calculated from the sum of urea nitrogen in effluent dialysate
plus urine, corrected for estimated changes in the total body
pool of urea [11, 121. Daily changes in weight were assumed to
arise from gain or loss of body water, and changes in body urea
pool were estimated from the change in weight multiplied by the
change in SUN. Total nitrogen output was calculated as the
sum of the fecal, urine, and dialysate nitrogen. Statistical
analyses were performed with the Student's t test and linear
regression analysis. Informed consent was obtained from each
patient prior to the study.
Results
In the individual patients receiving 1.0 g of protein per
kilogram of body wt per day (hereafter referred to as 1 .O-g
protein diet), the SUN concentrations varied from 40.0 1.3 to
74.0 3.8 mg/dl, and values ranged from 73.0 1.4 to 118.0
4.2 mg/dl in those eating 1.4 g of protein/kg/day (the l.4-g
protein diet). For the total group of patients, the SUN averaged
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62.0 6.0 mgldl with the low protein diet and 89.0 6.3 mg/dl
with the 1 .4-g protein diet.
The total nitrogen output averaged 11.5 0.4 and 14.8 0.6
g/day, respectively, for the patients fed the two diets. The
losses of nitrogen in stool, urine, and in different constituents of
dialysate are shown in the Table 1. The fecal nitrogen excretion
represented 13.8 1.1% and 12.7 0.9% of total nitrogen
output with the 1 .0-g and 1 .4-g protein diets, respectively. In
the three patients who excreted urine, urinary nitrogen losses
varied with renal function and represented 8.9 to 19.6% of total
nitrogen output.
Dialysate nitrogen losses accounted for 88% of total nitrogen
output in the patients without renal function. The nitrogen from
urea, protein, amino acids, creatinine, and uric acid comprised
96.6 0.9% of total dialysate nitrogen (range, 92.1 to 100.3%).
Urea accounted for 65.7 3.7% of dialysate nitrogen in the
studies with 1 .0-g protein diet and 72.9 1.6% of dialysate
nitrogen with the higher protein diet.
Substantial quantities of nitrogen were lost into dialysate as
protein and amino acids. The loss of protein averaged 9.4 0.4
glday (range, 6.9 to 13.3 glday) and represented 7.3 to 19.6% of
total nitrogen output and 8.2 to 25.7% of dialy sate nitrogen. The
amino acid losses in dialysate averaged 3.6 0.4 glday or 5.3
0.7% of dialysate nitrogen. The nitrogen in dialysate derived
from creatinine and uric acid represented 4.3 0.2% and 1.8
0.1% of total dialysate nitrogen, respectively.
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Fig. 2. Relationship between total nitrogen output and urea nitrogen
appearance. The data are shown for 12 studies in normal subjects ()
[13] (y = 0.97x — 1.28; r = 0.99), 11 studies in patients with chronic
renal failure (t.) [15], and 3 from our laboratory (*) (y = 0.95x — 1.56; r
= 0.99), and 26 studies in patients undergoing maintenance hemodialy-
sis (•) [14] (y = 0.96x — 1.74, r = 0.97). The solid line depicts the
regression analysis for these combined data for normal subjects,
patients with chronic renal failure, and those undergoing hemodialysis
(r = 0.98). The data for the 12 studies in patients undergoing CAPD are
indicated by X (r = 0.96). Data for patient 3 (®) with low-grade
peritonitis and abnormally increased protein losses are omitted from the
regression analysis.
In a given patient receiving a specific diet, the SUN concen-
trations, urea nitrogen appearance, and components of nitrogen
output were quite stable throughout the study (Fig. 1 and Table
1). The individual values for urea nitrogen appearance are given
in Table 1. The rate of urea nitrogen appearance averaged 6.2
0.7 and 10.1 0.7 g/day with the l.0-g and the l.4-g protein
diets, respectively. Thus, urea nitrogen accounted for 54.6
3.8% of the total nitrogen output during the ingestion of the
lower protein diet and 68.1 3.1% of nitrogen excretion with
the high protein diet.
The relationship between urea nitrogen appearance and total
nitrogen output for patients treated with CAPD are shown in
Fig. 2. These data are shown in relationship to published results
from studies carried out in normal subjects [13], in patients with
uremia treated with hemodialysis [141, and patients with stable
chronic renal failure [15]. The data from our laboratory ob-
tained in three patients with uremia not undergoing dialysis are
included. Compared with the results from both the normal
subjects and the groups of patients with uremia, there is a
significantly lower rate of urea nitrogen appearance for any
given level of total nitrogen output in the patients undergoing
CAPD.
In the studies of patients undergoing CAPD with the ingestion
of 1 .0-g protein diet, the nitrogen balance was approximately
neutral, + 0.7 1.1 g/day; the mean nitrogen balance was + 3.1
0.5 g/day with the ingestion of the higher protein diet.
Discussion
The present observations show that a lower fraction of
ingested protein nitrogen is converted to urea in patients with
uremia undergoing CAPD than in other uremic patients or
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Fig. 1. Serial observations of serum urea nitrogen, urea nitrogen
appearance, and nitrogen output in patient 4a ingesting 17.9 g of
nitrogen per day.
Time, days
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normal subjects. Our results show that the loss of nitrogen as
protein and amino acids in peritoneal dialysate accounts for a
significant fraction of total nitrogen losses. This nitrogen loss,
as compounds other than urea, and the tendency to positive
nitrogen balance account for the discrepancy between the
predicted and observed concentrations of SUN in patients
treated with CAPD. The losses of protein and amino acids into
dialysate may somehow alter protein metabolism, resulting in
conversion of a smaller fraction of protein into urea. The
mechanism responsible for this change is obscure, but it may be
similar to that existing during pregnancy [16], nephrotic syn-
drome [17], lactation, and other protein-losing states.
The relationship between urea nitrogen appearance and total
nitrogen excretion in patients undergoing CAPD and other
groups of subjects is similar in slope, but shifted to the right.
For any given nitrogen output, CAPD patients have a lower
urea nitrogen appearance. For the l.0-g and l.4-g protein diets,
the differences in total nitrogen output (that is, the distance
between the regression lines) were 2.8 and 2.1 g/day, respec-
tively. These values correspond closely to the respective aver-
age total peritoneal losses of protein and amino acid nitrogen,
2.2 and 2.1 g/day. In our studies of patients undergoing CAPD,
urea nitrogen averaged only 54.6 and 68.1% of the total nitrogen
excretion with the l.0-g and 1.4-g protein diets, respectively.
On the other hand, urea nitrogen appearance averaged 87.5
3.2% of total nitrogen excretion in normal subjects ingesting a
1.5-g protein diet [13]. In patients with chronic renal failure
ingesting a 1.1 -g protein diet, urea nitrogen appearance aver-
aged 84.6 3.4% of the total nitrogen losses [15]. Moreover, in
hemodialysis patients, urea nitrogen appearance accounted for
85% of the total nitrogen output with a 1 .4-g protein diet and
81% of total nitrogen output with a 1 .0-g protein diet [14].
The fraction of nitrogen excreted as urea is known to become
smaller with reduced dietary intake. This tendency may be
accentuated in patients treated with CAPD because of the
substantial and relatively constant loss of protein and amino
acids into dialysate. Studies of the relationship between urinary
excretion of urea nitrogen and total nitrogen in normal subjects
indicate that the greater proportion of nitrogen is excreted as
urea with increasing nitrogen excretion. Thus, urea nitrogen
accounted for 88% of urinary nitrogen when the latter was 16 g/
day [18], 82% of urinary nitrogen when the latter was 12 g/day
[19], and 67% of urinary nitrogen when the latter was only 7 g/
day [20].
The present findings offer a clear explanation for previous
observations that patients undergoing CAPD have lower con-
centrations of SUN than would be predicted from the quantity
of dialysate exchanged per day and estimated dietary protein
intake. It was predicted that patients undergoing CAPD with 5
2-liter exchanges each 24 hours could maintain an SUN of 70
mg/dl [2]. This estimation was based on the following: with the
use of dialysate containing 4.25 gldl of glucose for one or two of
the five exchanges, the total dialysate drainage would be
approximately 12 liters/day. Because dialysate urea approaches
equilibrium with the plasma urea [21], there would be removal
of 8.4 g of urea nitrogen per 24 hours (12 liters x 700 mg/liter).
This quantity of urea removal was considered sufficient to
enable a patient to ingest about 53 g of protein/day [1]. SUN
values have been considerably lower with an estimated protein
ingestion of approximately 80 g/day [3—5].
The current observations confirm previous reports of protein
losses during CAPD and previous data concerning the dialy-
sance of free amino acids [3, 22]. The protein losses in the
current study, which averaged 9.4 g/day, are slightly greater
than those reported with intermittent peritoneal dialysis, where
the protein losses averaged 12.9 g per 10-hour dialysis [23]. On
the other hand, the protein losses are negligible during hemodi-
alysis. Amino acid losses, which averaged 3.6 g/day, are slightly
lower than those of patients undergoing hemodialysis three
times a week [24].
In the present study, the close correlation between total
nitrogen output and urea nitrogen appearance suggests that urea
nitrogen appearance may be used to estimate total nitrogen
output in CAPD patients. From the equation given in Fig. 2, for
CAPD patients, it can be calculated that total nitrogen output
(glday) = 0.93 urea nitrogen appearance (g/day) + 5.47.
Because dialysate protein and free amino acid losses averaged
2.00 0.10 g of nitrogen/day (excluding subject 3 with low-
grade peritonitis) the nonurea, nonprotein, and nonamino acid
nitrogen output averaged 2.78 0.21 g/day (Table 1). There is
also a small amount of peptide nitrogen lost in dialysate. This
value of 2.78 glday is similar to the nonurea nitrogen output of
2.5 g/day that has been suggested by Walser [25].
Changes in dialysate protein losses and marked catabolism or
anabolism can clearly alter the relationship between total
nitrogen output and urea nitrogen appearance. When patients
are in neutral nitrogen balance, that is, with nitrogen intake
equal to nitrogen output, protein intake will also correlate
closely with urea nitrogen appearance. Thus, in relatively stable
patients undergoing CAPD, our data suggest that protein intake
may be estimated from the measurement of urea nitrogen
appearance.
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